Tastes elicit a set of palatability-dependent orofacial and somatic responses in rats. We investigated whether discrete auditory conditioned stimuli that signal the availability or onset of unconditioned taste stimuli (sucrose, quinine) can control orofacial responses in the absence of those unconditioned stimuli. In Experiment 1, one auditory stimulus (CS+) was paired with the delivery of a sucrose solution to the magazine floor, and another auditory stimulus (CS-) was never followed by sucrose. Following conditioning, oral infusions of water that were preceded by the CS+ were found to elicit more ingestive (sucrose-typical) orofacial responses than did water alone or water preceded by the CS-. In Experiment 2, the conditioned ingestive reactions to a signal for sucrose observed in Experiment 1 again occurred, and conditioned aversive (quinine-typical) orofacial responses occurred in response to water infusions preceded by a former signal for quinine. These data su$$est that perceived palatability may be influenced by Pavlovian associations involving exteroceptive conditioned stimuli. Further, they illustrate the importance of supporting stimuli in modulating the effects of Pavlovian associations upon behavior.
When taste solutions are infused into its mouth, the rat organizes its facial and somatic responses along ingestive and/or aversive dimensions (Berridge & Grill, 1983; Grill & Norgren, 1978) . For example, if a highly concentrated sucrose solution is infused, the rat emits a set of behaviors (e.g., tongue protrusions and paw licking) directed towards ingestion. In contrast, if a bitter quinine solution is infused, the rat engages in behaviors directed towards getting rid of the aversive taste (e.g., head shaking, gaping, and chin rubbing). When hypertonic NaCl or sour HCI solutions are infused, the rat shows both ingestive and aversive responses.
Taste concentration (Moskowitz, 1977) and manipulations of motivational state (e.g., of caloric satiety or sodium balance) that influence human reports of palatability (Bertino, Beauchamp, Riskey, & Engelman, 1981; Cabanac, 1971) similarly affect the set of responses a taste evokes in the rat. For example, humans on a sodium-free diet report an initial enhancement in the palatability of salt. Similarly, those concentrations of NaC1 which normally produce a mixture of ingestive and aversive responses will, in NaCl-deficient rats, produce primarily ingestive responses (Berridge, Flynn, Schulkin, & Grill, 1984) .
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The authors thank John Fentress for the use of his equipment and laboratory time and space. We also thank R. S. Rodger and W. K. Honig for their ideas and comments on earlier drafts. Kent C. Berridge is currently at the University of Michigan. Correspondence concerning this article should be addressed to either Andrew R. Delamater or Vincent M. LoLordo at the Department of Psychology, Dalhousie University, Halifax, Nova Scotia, Canada, B3H 4J 1. 143 1981 ; Parker, 1982; Pelchat, Grill, Rozin, & Jacobs, 1983) . Even though the rat displays exclusively ingestive consummatory responses to sucrose before it is paired with LiCl-illness, after conditioning the rat will respond to sucrose primarily with aversive responses like those shown to other aversive-tasting solutions, for example, quinine. On the basis of these experiments, we think it is plausable to assume that the rat's orofacial and muscular responses to a taste in some way reflect its hedonic evaluation of that taste, that is, its palatability under the particular set of stimulus conditions and internal state that are in effect.
Although the taste aversion experiment clearly demonstrates that associative processes can control the rat's perceived palatability of a taste, the occurrence of selective association in taste aversion learning raises the question whether the modality of the conditioned stimulus is important in the associative control of palatability (Garcia & Koelling, 1966; LoLordo, 1979) . Many theorists (e.g., Garcia, Hankins, & Rusiniak, 1974; Rozin & Kalat, 1971; Seligman, 1970) expect that auditory or visual conditioned stimuli should not be capable of controlling fluid palatability, because these stimuli wouM not become integrated within the system that controls fluid palatability. This expectation follows from their proposition that the learning mechanisms involved in modulating palatability are specialized and are qualitatively different from other learning processes, for example, those involved in exteroceptive defensive conditioning (Garcia, Kovner, & Green, 1970; Pelchat et al., 1983) . This view has been largely supported by experiments in which discrete auditory or visual conditioned stimuli have been paired with LiCl-illness. There has not been much evidence supporting the possibility that such exteroceptive stimuli might come to control fluid palatability (Domjan & Wilson, 1972; Garcia & Koelling, 1966 ; but see Dacanay & Riley, 1982; and Krane, 1980) . In the present experiments we ask whether auditory conditioned stimuli that are paired with highly palatable or unpalatable tastes can acquire the ability to alter the palatability of water, as revealed by the rat's orofacial and muscular responses to water.
Experiment 1
The first experiment investigated whether an auditory conditioned stimulus (CS) which is repeatedly paired with a sucrose unconditioned stimulus (UCS) will acquire the capacity to increase the palatability of a relatively neutral flavor, such as water. Rats first learned that one auditory CS (CS+) signaled the delivery of sucrose and another auditory CS (CS-) did not signal sucrose. Following discriminative conditioning, the rats' reactivity to oral infusions of sucrose, water alone, and water when signaled by the CS+ or the CS-was evaluated.
Method
Subjects. Ten male albino rats obtained from Chades River Breeders, Canada, and initially weighing approximately 350 gin, served as subjects. Upon arrival, all rats were individually housed and given free access to food (Purina rat chow) and water in their home cages for the duration of the experiment. There was never food or water freely available in the experimental chambers, however. A reverse 12-hr-light/12-hr-dark cycle was always in effect, and experimental sessions occurred during the dark phase of the cycle.
Apparatus. Conditioning was conducted in two standard operant conditioning chambers (inner dimensions were 31 × 25 × 27 cm). Each was housed in a sound-attenuating shell. Fluids from reservoirs located above the shell could be delivered through plastic tubing into a trough which was centered directly behind the front wall, 1 cm above the grid floor of the chamber. The entrance of this trough (4 × 4 cm) was flush with the front wall, and the trough was approximately 3 cm deep, requiring the rat to poke its head through to drink. In so doing, the animal broke a horizontal beam of light that was otherwise uninterrupted. A relay serving as a clicker was located underneath the outer side of the trough. A speaker was located 10 cm above the trough. A 1.8-V house light, also centered on the front wall, 10 cm above the speaker; was on during the session. In an adjacent room, an Apple II-plus microcomputer controlled the events of a given session and recorded head pokes, as did an event recorder.
Taste reactivity testing occurred in a different context. A clear Plexiglas cylinder (height = 25 cm and radius = 13 cm) with a clear floor had a mirror angled beneath it. A Panasonic video camera directed towards the mirror presented a bottom view of the rat's mouth on a TV monitor which also, upon command, displayed a running clock. The cylinder and mirror assembly was housed in a well-illuminated shell which also contained a speaker above and to the right of the cylinder. Fluids were manually infused intraorally. A l-mL syringe was connected with PE (polyethylene; Clay-Adams) 50 and then PE 10 tubing that was passed through the center of the cylinder lid, and a PE 190 tubing outer sheath that was securely attached to the rat's intraoral cannula (19-gauge stainless steel connected to heat-flared PE 100 tubing). Standard relay equipment located in the same room controlled, via a handswitch, CS presentations.
Procedure. Phase 1: Discriminative conditioning. All subjects were first trained to drink from the trough. On eight occasions in a single session, with a variable interval of 4 rain, 1 mL of a 0.23-M sucrose solution was delivered to the trough. This relatively weak, but tasty, sucrose concentration had been used in earlier pilot work. The relay clicked several times at the instant that sucrose was delivered. When the rat drank all 8 mL in a given session, this procedure was terminated. To encourage strong associative learning, all subjects received discriminative conditioning for 21 days. For half of the subjects the CS+ was an 85-dB (re 20#N/m~; A weighting), 1500-Hz tone, and the CS-was an 85-dB white noise. These stimuli, which were judged by the experimenters to be easily discriminable, were reversed for the remaining subjects. In Sessions 1 through 5, each type of trial occurred after a variable interval averaging 7.5 min. A CS+ trial consisted of the CS sounding for 15 s before and continuing for 15 s after 1 mL of sucrose (along with the clicker) was delivered. These parameters ensured that the CS never sounded after the rat finished drinking. A CS-trial consisted of the CS sounding for 30 s without any consequences. In a given session, there were four trials of each type, the order of which was randomly determined. During Sessions 6 through 21, this procedure was continued except that the clicker no longer accompanied sucrose delivery and the interval between trials was reduced to 4.5 min on the average, reducing the session length to approximately 41.5 rain.
Following discrimination trainir~ each rat underwent surgery in which two intraoral eannulas were implanted under ketamine anesthesia (Grill & Norgren, 1978) . Briefly, flared PE 100 tubes were positioned anterolateral to the first maxillary molars (bilaterally), brought out subcutaneously, and anchored to the skull with dental acrylic. Following surgery, penicillin was injected subcutaneously (0.15 mL), and within 5 days the rats were returned to the discrimination procedure for two sessions. During this recovery period, the dry purina chow diet was partially liquified.
Phase 2: Taste reactivity testing. In this phase all subjects were individually placed in the cylinder, and their responses to infusions of distilled water, sucrose, distilled water in the presence of the CS+, and distilled water in the presence of the CS-were videotaped.
On the first day, which served to habituate the rats to the infusion procedure, distilled water was infused through each cannula. During four trials, 1 mL was infused for 1 rain at a relatively constant rate. The average intertrial interval was approximately 5 min.
The second day served to reinstate the previously learned discrimination. There were eight trials spaced approximately 5 min apart; four of these trials were CS+ trials and four were CS-trials. The order of occurrence followed an abbaabba sequence (where a = CS+ and b = CS-). On the CS+ trials, the stimulus sounded for 15 s prior to and for the first 15 s of the 1-min sucrose infusion (1 mL/min). These trials provided the measure of reactivity to the sucrose taste. On the CS-trials, the stimulus sounded for 30 s without any consequences. These parameters closely matched those used in training.
On Day 3, both CS+ and CS-stimuli were presented with distilled water infusions. There were two trials of each type, spaced approximately 5 min apart. For half of the subjects, the sequence was abba; the other half received the inverse sequence, baab. For all rats, distilled water was infused through the cannula which had not been used on the previous day to infuse sucrose (to ensure that no residual sucrose in the eannula could contaminate the water reactivity data). On any given trial, the stimulus sounded 15 s prior to and during the first 15 s of the l-rain distilled water infusion (1 mL/min).
The procedure used on Day 1 was repeated several days later; that is, again distilled water was infused on four occasions.
Behavioral analysis. Behaviors were scored in terms of ingestive, aversive (see Figure 1 ), and neutral (not shown) categories. Strongly ingestive behaviors were tongue protrusions (TP)---rhythmic protrusions of the tongue on the midline, with the tongue covering the upper incisors; lateral tongue protrusions (LTP)--nonrhythmic extensions of the tongue on either side of the mouth, with the tongue pushing the lip laterally as it moves forward; and paw licking (PL)--the rat persistently directing its ingestive response toward its own forepaws, holding them close to the mouth and lapping at them for some seconds. A more weakly ingestive behavior was mouth movement (MM}----Iow-amplitude, rhythmic openings of the mandible. Strongly aversive behaviors were gaping (G)---rapid large-amplitude opening of the mandible with concomitant retraction of the corners of the mouth to reveal the internal oral labia and retraction of the lower lip; chin rubbing (CR)---bringing the mouth in direct contact with a substrate (i.e., floor or wall) and projecting the body forward by flexion of the dorsal neck and by pectoral and forelimb musculature; head shaking (HS)---rapid side-to-side movements of the head at a rate faster than 60 Hz; forelimb flailing (FF)---rapidly shaking both forelimbs in the horizontal plane with a frequency of greater than 60 Hz; paw pushing (PP)--stepping movements, with the front paws alternately con-tacting the floor or wall; and paw wiping (PW)--the unilateral downward movement of either forepaw across the face. A more weakly aversive or neutral behavior was passive dripping (PD)--fluid simply dribbles out of the mouth (cf. Grill & Norgren, 1978; Berridge & Grill, 1983 , for classification rationale). Grooming behaviors, for the present purposes, were judged to be neutral. For example, face washing (FW) was defined as circular movements of one or both of the forelimbs around the snout or head in conjunction with body licking and scratching. Although face washing by itself or occurring with other aversive responses has been recorded as an aversive response in previous reports (e.g., Grill & Norgren, 1978) , in the present experiments face washing often occurred as part of a grooming sequence, accompanied by body grooming and licking, in response to water infusions. In this context, face washing was scored as neutral. Similarly, paw licking occasionally rapidly alternated with the grooming behaviors, especially during distilled water infusions, and was therefore scored as neutral in such cases.
The above behaviors were scored either individually or in discrete bouts. Lateral tongue protrusions, gapes, chin rubs, forelimb flails, paw pushes, and paw wipes were scored individually; that is, each time they occurred they were scored. Mouth movements, tongue protrusions, face washes, paw licks, and passive drips were scored in bouts. For mouth movements, paw licks, and passive drips, when the behavior occurred, a 5-s interval defined the response; that is, not until alter this interval elapsed would another instance of the behavior be counted. For tongue protrusions and face washes, the defining temporal interval was 2 s, because these behaviors usually lasted at least this long.
Statistical analysis. Except where noted, Friedman's ranks analysis (Friedman, 1937 ) and Rodger's method for evaluating contrasts post hoc (Rodger, 1974) were used to treat the data statistically. In all instances, a decision-based Type I error rate (E alpha) was set at .05, and the expected rate of rejection of false null contrasts (power) was fixed at .95; that is, Type II errors were reduced to a probability of .05.
Generally, the analysis was done as follows. First, the raw data for a given rat under different testing conditions ~-re converted from frequency scores to ranks (with a rank of I indicating the lowest frequency score). This was done because taste-elicited responses may only ordinally represent changes in palatability (see also Siegel, 1956 ). The rank transform makes this assumption of ordinality explicit. Friedman's X 2 statistic was then calculated and then converted to an F score (the distribution of Friedman's X 2 approaches that of x 2, which is related to F when this F distribution has v 1 and infinity degrees of freedom). Rodger's table of F values (Rodger, 1975) was then consulted to assess the significance of the 
Results
Phase I: Discriminative conditioning. Because there was no effect on anticipatory head poking of counterbalancing (MannWhitney U[5, 5] = 7 for tone CS+ vs. white noise CS+, and U = 10 for tone CS-vs. white noise CS-), the data from the subjects receiving the tone as the CS+ were combined with data from those subjects receiving the white noise as the CS+. By the end of discriminative conditioning, the rats displayed differential anticipatory head poking to the CSs, x2(3, N = 10) = 14. Phase 2: Taste reactivity testing. Behaviors were scored in response to water alone on the final day, to sucrose on the reinstatement-of-conditioning day (i.e., when preceded by the CS+), and to water in the presence of the CS+ and CS-stimuli. MannWhitney Utests indicated that the number of ingestive behaviors (mouth movements, tongue protrusions, lateral tongue protrusions, and paw licks unaccompanied by face washes, combined) did not depend upon whether the tone or white noise served as the CS+, U(5, 5) = I l, or CS-, U(5, 5) = 8. The counterbalanced subgroups were, therefore, combined. Figure 2 presents, for each behavior, the mean rank score for each condition (converted from two-trial totals). Only those behaviors occurring in the majority of the rats are presented. For mouth movement, tongue protrusion, and lateral tongue protrusion ingestive behaviors, we see similar effects of the conditions. Larger rank scores are seen in the CS+ and sucrose conditions than in the water and CS-conditions. Paw licking and face washing behaviors rapidly alternated as part of a grooming sequence that was most commonly seen in the water condition.
Friedman's ranks analysis indicates that the scores for each of the behavioral categories shown differ among the conditions; x2(3, N = 10) = 9.57 for MM, X2(3, N = 10) = 21.81 for TE x2(3, N = 10) = 8.49 for LTE x2(3, N = 10) = 7.17 for PL, and X2(3, N = 10) = 13.32 for FW. Post hoc evaluation of contrasts on the mean ranks shows identical patterns in the mouth movement and lateral tongue protrusion data, that is, the average rank assigned to sucrose = CS+ > CS-= water. The ranks assigned to sucrose and CS+ did not differ, F(3, oo) = .07 for MM data, and F(3, oo) = 0.16 for LTP data. The ranks assigned to the CS-and water conditions did not differ, F(3, oo) = 0.00 for MM data, and F(3, oo) = 0.25 for LTP data. The combined sucrose and CS+ ranks, however, were larger than the combined water and CS-ranks, F(3, oo) = 3.13 for MM data, and F(3, oo) = 2.31 for LTP data. The foregoing statistical procedures were also applied to the other behaviors and behavioral categories; that is, following statistical decisions on a set of mutually orthogonal post hoc contrasts, the ordering of the implied population means for the various stimulus conditions was determined.
The pattern for the tongue protrusion data differed somewhat from that implied for the mouth movement and lateral tongue protrusion data. The ordering from highest to lowest rank score was as follows: sucrose > CS+ > C S -> water. Figure 3 presents the mean ranks assigned to the various conditions when the individual behaviors were combined into ingestive categories (mouth movements, tongue protrusions, lateral tongue protrusions, and paw licks accompanied by face washing), aversive categories (gapes, chin rubs, forelimb flails, head shakes, paw pushes, and paw wipes), and neutral categories (face washes and paw licks, when paw licks accompanied face washes) for each rat. The data generally agree with those presented in Figure  2 . An overall test indicated that there were differences in ingestive behaviors across the stimulus conditions, x2(3, N = 10) = 6.67. The sucrose and CS+ conditions elicited higher levels of ingestive behaviors than did the C S -and water conditions. Post hoc contrasts show that the rank for sucrose > CS+ > C S -= water.
Few aversive behaviors occurred, but when they did, they were most commonly seen in the water conditions. Also, the grooming behaviors (neutral) were most frequently elicited by water.
In contrast to the ingestive responses elicited by the CS+ in the presence of water (mouth movements, tongue protrusions, and lateral tongue protrusions), there was relatively tittle orofacial responding during the 15 s when the CSs were on but distilled water had not yet begun to be infused. A few mouth movements, and for some rats tongue protrusions, were elicited by both CSs without the support of water, but these responses were not differentially elicited (Mdns = 3 and 3 for CS+ and C S -, respectively, for mouth movements; and Mdns = 1 and 0 for CS+ and C S -, respectively, for tongue protrusions).
To determine comparability between the experimenter's (ARD) and another observer's (KCB) scoring (given identical behavioral definitions), Pearson's product-moment correlation was calculated. The two observers scored ingestive and aversive responses from 15 trials coming from 5 different rats, giving a total of 71 observation pairs. The interscorer correlation was .91.
Discussion
The data presented here support other data showing that discrete exteroceptive conditioned stimuli that have been paired with tastes can, by themselves, elicit some ingestive behaviors, that is, mouth movements (Miller & DeBold, 1965; Patten & Deaux, 1966; Rudy & Hyson, 1984) . The present data extend other work by suggesting that a discrete auditory CS+ for sucrose can acquire the ability to enhance the palatability of a relatively neutral taste. For example, mouth movements, tongue protrusions, and lateral tongue protrusions occurred in response to water infusions to a greater extent when a CS+ that had previously signaled sucrose preceded the infusion of that water. These behaviors are also elicited by highly palatable tastes (e.g., suc r o s e -G r i l l & Norgren, 1978; NaCI in NaCl-deficient rats-- Berridge et al., 1981) , but not by unpalatable tastes (e.g., glucose paired with LiC1-- Berridge et al., 1981; or quinine--Grill & Norgren, 1978) .
Further, the CS+ enhanced the palatability of water through some associative mechanism. The discriminative C S -, despite evoking some generalized magazine approach, was not as effective (if effective at all) as the CS+ in enhancing the palatability of water. It should be noted, however, that the CS+ did not make the water as palatable as sucrose (i.e., when sucrose was signaled by the CS+). There existed differences in the degree to which sucrose and the CS+ controlled ingestive, aversive, and neutral responses.
In addition, the present data replicate others in showing that a discrete exteroceptive CS+ can readily serve as a "cue" for interoceptive UCSs, and activate directed motor movements (Brown & Jenkins, 1968; Holland, 1981 Holland, , 1983 Holland & Forbes, 1982; Weingarten, 1984) . Throughout the initial conditioning phase of the present experiment, the rats consistently oriented towards, approached, and poked their snouts into the sucrose trough in anticipation of sucrose deliveries during CS+. They engaged in these behaviors much less frequently during C Strials.
In summary, these data offer some support for the contention that auditory conditioned stimuli can control fluid palatability. Further, they suggest that the momentary stimulus context is important in determining the form of conditioning (see also Moore, 1973; Timberlake & Grant, 1975) .
E x p e r i m e n t 2
To further assess the claim that fluid palatability is subject to control by classically conditioned auditory stimuli, in Experiment 2 we investigated whether the palatability of water could be differentially affected by auditory conditioned stimuli for sucrose and aversive quinine. Rats first learned that one auditory stimulus (CS+s) signaled the infusion of a sucrose solution and another auditory stimulus (CS+q) signaled the infusion of a quinine solution. Following conditioning, the responses to sucrose, quinine, water infused alone, and water in the presence of the CS+s and CS+q were observed.
Method
Subjects. In the first replication, five of the rats that participated in Experiment 1 were used. The second replication included 5 additional, but naive, rats of the same weights and strain as those used previously.
All rats were maintained as before; that is, free food and water were available except during experimental sessions.
Apparatus. Because rats will not voluntarily drink quinine from the trough, discriminative conditioning as well as testing occurred in the cylinder used in the previous experiment. Between sessions each rat's cannulas were fitted with small plugs.
Procedure. The procedure was similar to that used earlier. For rats in the first replication, the CS+s was identical to the one used previously--an 85-riB, 1500-Hz tone for 3 subjects and an 85-dB white noise for 2 subjects. The CS+q for all 5 rats was an 85-dB, 600-Hz tone that was interrupted every 0.20 s for 0.20 s. Conditioning occurred during the first 10 sessions. In each session, the rats received four conditioning trials separated by approximately 4.5 min on the average; two CS+s and two CS+q trials were presented randomly. Each CS+s trial consisted of the 30-s CS beginning 15 s prior to a I-min, l-mL infusion ofa I-M sucrose solution. The CS+q trial was similar, except that a 0.003-M QHCI solution was infused. In an attempt to enhance the discriminability of the UCSs, the sucrose concentration was increased in Experiment 2, and the quinine concentration was quite strong. Responses to sucrose and quinine during the last conditioning session were analyzed.
On the eleventh day, distilled water was infused with the CS+s and CS+q stimuli. There were two trials of each type presented to each rat.
For 3 rats, the order of testing followed a baab sequence (where b = CS+q). The remaining 2 rats received the inverse sequence. Distilled water was subsequently infused alone on two occasions to provide a baseline.
The rats in Replication Two received identical treatments except that the CS+s for all 5 rats was the 600-Hz, intermittent tone. The 1500-Hz continuous tone and the white noise served as the CS+q for 2 and 3 of the 5 rats, respectively.
The data were scored and analyzed as before.
Results
In order to set statistical power at .95 and the probability of committing Type II errors at .05, as in the first experiment, the results from both replications were combined for all analyses. The probability of committing Type I errors was again selected to be .05. The same statistical procedures used in Experiment 1 were employed in Experiment 2. Figure 4 presents the mean ranks (converted from two-trial totals) assigned to the five stimulus conditions for each behavior occurring frequently enough to be statistically analyzed. Fried- man's analysis indicated that there were differences among the conditions for each behavior presented--x2(4, N = 10) = 10.32 for mouth movement; X2(4, N = 10) = 19.12 for tongue protrusion; x2(4, N = 10) = 13.14 for lateral tongue protrusion; X2(4, N = 10) = 6.82 for paw lick; X2(4, N = 10) ---17.36 for head shake; ×2(4, N = 10) = 20.76 for forelimb flail; and x2(4, N = 10) = 13.36 for gape. Generally, the figure shows that more ingestive behaviors (Panel A) occurred in the sucrose and CS+s conditions than in the CS+q and quinine conditions; similarly, it shows that more aversive behaviors (Panel B) occurred in the CS+q condition than in the CS+s and sucrose conditions. Post hoc evaluations confirmed these impressions. For mouth movement (weakly ingestive) data, the statistical decisions made on the set of post hoc contrasts imply that the population rank assigned to water > sucrose = CS+s > CS+q = quinine.
For tongue protrusion (strongly ingestive) data, the set of statistical decisions suggests that the population rank for sucrose = CS+s > water > CS+q > quinine.
The pattern for lateral tongue protrusion (strongly ingestive) data was somewhat different. The sucrose, CS+s, and water conditions were all equivalent and received higher rank scores than did the CS+q condition, which was higher than the quinine condition.
The pattern among the conditions for paw licks unaccompanied by face washing or body grooming (strongly ingestive) was somewhat different again. The sucrose and CS+s conditions did not differ, but both were larger than the water and quinine conditions. The CS+q condition was statistically implied to be different from but intermediate between these two extreme pairs of conditions (i.e., sucrose = CS+s > CS+q > water = quinine).
Conversely, for individual aversive behaviors (see Panel B of Figure 4 ), the CS+q condition tended to receive larger ranks than did the CS+s and sucrose conditions. For head shake data, the ordering of the population ranks after statistical analysis was as follows: CS+q > CS+s = water = quinine > sucrose.
Analysis of the forelimb flail (aversive) data showed that the rank assigned to quinine = CS+q = water > CS+s > sucrose.
However, the gape (aversive) data indicated no difference between the CS+q, the water, and the CS+s conditions. The ranks assigned to these conditions were, however, statistically implied to be intermediate between the larger rank assigned to the quinine condition and the smaller rank assigned to the sucrose condition (quinine > CS+q = water = CS+s > sucrose). Figure 5 illustrates the mean ranks assigned to the various stimulus conditions for ingestive behaviors combined, aversive behaviors combined, and neutral behaviors combined. There were overall differences among the conditions for both ingestive, X2(4, N = 10) = 21.78, and aversive, X2(4, N = 10) = 23.58, categories. There were more ingestive behaviors occurring in response to sucrose or CS+s than to water, CS+q, or quinine. There were more aversive behaviors occurring in response to quinine and CS+q than to water, CS+s, or sucrose.
For the ingestive responses, the ordering of the population ranks after statistical analysis was sucrose > CS+s > water = CS+q > quinine. Conversely, the ordering of the population ranks for the aversive responses was quinine = CS+q > water > CS+s > sucrose.
Once again, in contrast to the strong discriminative responding displayed by the CSs in the presence of water, there was little evidence for discriminative responding without the support of water. Behaviors elicited during the first 15 s of the CS+s and CS+q, that is, prior to the infusion of water, also were scored. During this period, all rats displayed at least one mouth movement for each stimulus (the maximum possible value was three per trial), but the stimuli did not differentially elicit mouth movements. Tongue protrusions were differentially elicited (×2(1, N = 10) = 4.90). The mean rank assigned to the CS+s was 1.85 compared to 1.15 for the CS+q. Although lateral tongue protrusions, gapes, paw ticks, and face washes were observed to occur in some of the rats, the majority of rats did not display such behaviors to the CSs without water in the mouth. When combining the ingestive behaviors, the two CSs did not show differential scores (mean ranks = 1.7 for CS+s vs. 1.3 for CS+q; x2(l, N = 10)= 1.60).
Discussion
The results of the present experiment replicate and extend the results reported in Experiment 1. A CS that signaled sucrose enhanced the palatability of water; that is, water preceded by that CS elicited more ingestive behaviors (e.g., tongue protrusions and paw licks) than did water alone. Moreover, a CS that signaled quinine decreased the palatability of water; that is, water preceded by that CS elicited more aversive behaviors (e.g., head shakes combined with paw pushes, chin rubs, and paw wipes) than did water alone.
There were, however, a few apparent discrepancies in the ingestive responses exhibited in Experiments l and 2. Although in Experiment 2 the sucrose and CS+s conditions produced more mouth movements than did the quinine and CS+q conditions, most mouth movements occurred in the water condition. In Experiment l the fewest mouth movements occurred in the water condition (excluding quinine and CS+q conditions, not included in Experiment l). Also in Experiment 2, but not in Experiment 1, water elicited lateral tongue protrusions as often as did the sucrose and the CS+s conditions. Finally, in Experiment 2 paw licks occurred quite frequently (in the absence of any grooming), and most often in the sucrose and CS+s conditions, whereas in Experiment l paw licks did not occur very frequently and tended to accompany grooming behaviors in the water and CS-conditions.
It should be recalled that the concentration of sucrose was increased from 0.23 M in Experiment 1 to l M in Experiment 2, in an attempt to enhance the discriminability of the two UCSs. As sucrose concentration increases, mouth movements decline because tongue protrusions and continuous bouts (30-60 s) of paw licking occur instead (see also Grill & Norgren, 1978) . But with lower sucrose concentrations, paw licks occur very infrequently, if at all (see also Berridge et al., 1981) . Thus water was the highest ranking condition for mouth movements because their frequency in the sucrose and CS+s conditions declined, re Experiment I. Moreover, there were as many lateral tongue protrusions occurring to water as there were to the sucrose and CS+s conditions in Experiment 2 because some of the rats did nothing but paw lick during both the sucrose and CS+s conditions.
In Experiment 2, as in Experiment l, we observed that the differential effectiveness of the conditioned stimuli was seen more easily when these stimuli were provided with additional stimulus support from the water infusion. The aversiveness of the CS+q was not seen until water was infused, and there were more ingestive behaviors elicited by the CS+s when water accompanied it than when it occurred alone. It is noteworthy, however, that tongue protrusions were differentially elicited by the CS+s and CS+q in the absence of water. In Experiment l the CS+ and the C S -did not appear to elicit even tongue protrusions. If the support offered by water increases the likelihood of the consummatory response being elicited because the details of the "representations" of the UCSs have been enhanced, then we might expect other manipulations that enhance the details of the UCS representation to similarly increase the likelihood of the consummatory response being elicited. The use of the more affectively significant UCSs, for example, highly concentrated sucrose and highly concentrated quinine solutions in Experiment 2, may tend to serve such a function.
General Discussion
Taken together, data from Experiments 1 and 2 suggest that discrete exteroceptive conditioned stimuli can be associated with orally presented interoceptive unconditioned stimuli. Furthermore, they suggest that this association may result in the CS acquiring multiple functions. For example, the CS may function as a "cue" for where and when the UCS will be delivered. It may also function to enhance the palatability of a neutral taste. It was also clear from the data that which function the CS has on a given trial is largely influenced by concurrent supporting stimuli. For instance, when water was infused, its palatability was increased by the CS+s and decreased by the CS+q. But when the CS for sucrose was presented without water in the chamber in which sucrose itself had been presented, the rat oriented towards, approached, and actively entered the site of sucrose delivery.
The finding that an auditory CS can acquire the capacity to alter the palatability of solutions is somewhat surprising in light of considerations from typical taste-aversion learning experiments. This literature, for example, demonstrates that discrete auditory/visual stimuli are not very effective in serving as a CS for illness. Some authors attribute this outcome to a failure of association formation (Krane & Wagner, 1975; Mackintosh, 1983; Testa & Ternes, 1977) . Other authors go further in sup- Figure 5 . The mean ranks assigned across the stimulus conditions of Experiment 2 are presented for the combined ingestive, aversive, and neutral categories. (CS+s = test presentation of distilled water following presentation of the former signal for sucrose; CS+Q = test presentation of distilled water following presentation of the former signal for quinine; W = test presentation of unsignaled distilled water; S = test presentation of sucrose following presentation of the former signal for sucrose; Q = test presentation of quinine following presentation of the former signal for quinine.) posing that the mechanisms used in learning about tastes and illness are specialized and different from the mechanisms that an animal uses in a more conventional learning paradigm involving tones or lights and shock (e.g., Garcia et al., 1974; Rozin & Kalat, 1971; Seligman, 1970) . This suggestion entails the claim that the learning mechanisms controlling palatability are different in kind from those mechanisms used to establish a CS as a cue for a UCS. In apparent support of this claim, when a sweet taste signals that licking will be punished by shock, licking declines but the palatability of that sweet taste does not (Garcia, Kovner, & Green, 1970; Pelchat et al., 1983) . In other words, establishing the taste as a cue for an aversive event is not sufficient to alter the palatability of that taste. Rather, palatability is thought to be altered as a result of the coupling of particular types of CSs, that is, tastes with particular types of aversive events, that is, aversive events which throughout the animal's phylogenetic history have naturally occurred following taste stimulation.
The present data suggest that fluid palatability is not strictly controlled through mechanisms that are evolutionarily specialized. If it were, then it would be difficult to understand why or how a mechanism that relates discrete auditory stimuli and tastes should have evolved to be effective in controlling fluid palatability. In contrast to viewing palatability changes within an evolutionary framework, Konorski's (1967) view of associative learning helps to clarify why an exteroceptive CS might acquire the capacity to alter fluid palatability. Konorski first assumed that the animal represents any UCS in terms of its sensory and affective components. These aspects of the UCS representation are what become conditioned to a CS+. The extent to which the CS evokes the different components of the UCS representation would determine what sorts of behaviors would be elicited by the CS. For example, specific consummatory responses (e.g., eyelid closures) are elicited by a detailed sensory representation of the UCS (e.g., shock to the eyelid). But diffuse preparatory responses (such as agitated approach and head poking into the sucrose trough) are activated primarily by the affective representation of the UCS.
It is possible that the auditory stimuli used in the present experiments acquired the ability to activate both representations, but that the behavioral manifestation of this learning depended upon how "detailed" they were. In the presence of water, the CSs for sucrose and quinine probably evoked sensory and/or affective representations of sucrose and quinine that were quite detailed. This could be predicted on the basis of the similarities that water shares with the representations of sucrose and quinine. Given the CS, then, the rat "treated" water as though it were the UCS. In the absence of the CS, water was neutral. In the operant conditioning apparatus, on the other hand, the supporting stimuli were not as similar to the UCS and, therefore, the sucrose representations were less detailed. These apparatus cues probably did, however, provide support for spatial and temporal information concerning the delivery of sucrose. It follows from Konorski that the behaviors generated by each situation should differ as well. And finally, when the discriminability of sucrose was enhanced, by contrasting it with quinine, even in the absence of water the CS+s appeared, to some extent, to elicit tongue protrusions (a finding not inconsistent with Konorski) .
New and unique forms of learning, then, need not be posited to account for classically conditioned changes in fluid palatability. The control of palatability we report here is perfectly amenable to a contemporary Pavlovian conditioning analysis that emphasizes the role of supporting stimuli (see also Bolles, 1972; Timberlake, 1983 ).
The present demonstration that changes in fluid palatability can come under the control of exteroceptive Pavlovian CSs has further implications for an analysis of feeding. Although the present experimental design did not allow us to collect intake data, our findings suggest that auditory CSs paired with tastes should affect not only the palatability of a fluid but also whether the rat would begin to consume that fluid if it was freely available. A small body of literature suggests that eating can be evoked by exteroceptive CSs that are paired with palatable solutions (for a review see Weingarten, in press). For example, Weingarten (1984) demonstrated that presentation of an auditory/visual CS that had been paired with a sweetened milk solution under conditions of food deprivation evokes feeding on that solution even when the rat is sated. In addition, Gillan (1979) collected data showing that thirsty chicks will take longer to make contact with and drink water if its availability is signaled by a CS for quinine. Indeed, there exists much data with humans, particularly obese humans, emphasizing the importance of exteroceptive factors in feeding (e.g., Schachter, 1971) . From the data presented here it is plausible to suggest that conditioned changes in the palatability of the food partly account for the exteroceptive control of feeding.
